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compilation which represents much hard work and which 
will serve to stimulate interest in that division of the 
county, inasmuch as it indicates a somewhat unexpected 
wealth and variety of plant forms. Mr. J. J. Marshall 
has furnished a list of the mosses of the Riding. 

A Revolution in the Science of Cosmology. By George 
Campbell. Pp. 210. (London: Sampson Low, 
Marston and Co., Ltd., 1902.) 

In spite of the author’s description of himself as “ a 
professor and teacher of the natural sciences for many 
years,” this attempt to revise the generally accepted 
theory of planetary evolution shows a very imperfect 
acquaintance with scientific principles. The leading idea 
is that the earth was never in a molten condition, but is 
now undergoing the process of fusion in consequence of 
the pressure of the external strata on the interior mass. 
The sun also is declared to have once been an opaque 
body, and to represent more or less what the earth and 
other planets will become. In this connection it is only 
necessary to point out that while a gaseous mass con¬ 
tracting under the influence of its own gravity will rise 
in temperature, there is no ground.for extending this 
principle to masses which are liquid or solid. 

Among the other unacceptable ideas met with is that 
which accounts for a prehistoric change in the polar 
climate by supposing that the North Pole of the earth was 
“suddenly” turned from the sun and remained in that 
position for ages, having ceased for the time being to 
rotate on its axis (pp. 35 and 140). Again, on p. 64, 
speaking of the Whirlpool nebula, it is stated that “ the 
violent agitation of the mass must result in a very low 
temperature,” whereas a high temperature would be 
expected. 

The author appears to have a vague idea that elec¬ 
tricity plays an important part in the development of 
worlds, and that “atoms of interstellar space” repre¬ 
sent the primary state of all matter, but he makes no 
contribution of value to the subject. 

The Reliquary and Illustrated Archaeologist. Edited 
by J. Romilly Allen. Vol. viii. Pp. 287. (London: 
Bemrose and Sons, Ltd., 1902.) Price 12s. net. 
Students of any branch of archaeology will find some¬ 
thing to interest them in this volume. The periodical, of 
which the numbers issued during the present year are 
included in the volume, is “ a quarterly journal and 
review devoted to the study of the early pagan and 
Christian antiquities of Great Britain ; mediaeval archi¬ 
tecture and ecclesiology; the development of the arts 
and industries of man in the past ages ; and the survivals 
of ancient usages and appliances in the present.” Notes 
on interesting and important papers contributed to some 
of the separate numbers of the Reliquary have already 
appeared in these columns, so that it is only necessary 
to say here that the eighth volume, with its numerous, 
well-produced illustrations, would make a handsome 
addition to the library of the student of antiquities. 

Earth and Sky. A Second and Third Grade Nature 
Reader and Text-Book. By. J. H. Stickney. Pp. 
viii + 118. (Boston, U.S. A., and London: Ginn and 
Co., 1902.) Price is. 6 d. 

This is a reading book for young children. Its object is, 
the author says in his preface, “ to bring before chil¬ 
dren’s minds their own relation to the natural world in 
such a way as to appeal to imagination and reflection.” 
The lessons will probably prove interesting to those for 
whom they are intended, but they do not sufficiently en¬ 
courage the child’s own activity. It is not enough to tell 
young pupils about natural objects ; they should be en¬ 
couraged to observe for themselves, instead of being 
content with the descriptions of others. 
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LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents. Neither can he undertake 
to return , or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous co?m?iunications .] 


The Waste of Energy from a Moving Electron. 

The subject of the dynamics of a moving charge being of 
considerable interest now, I have‘thought the following may be 
useful. I have shown that a charge Q on a sphere of radius A, 
when suddenly jerked into motion at speed u, generates a spherical 
electromagnetic shell of depth 2 A, in which the magnetic force 
H tends to the value given by 


2AH = 


_Q 

4 irR 


u sin 6 

9 

I - —cos 8 

V 


(I) 


when R, the distance from the initial centre of Q, is great. 
Along with this H, we have perpendicular electric force in the 
shell, according toE = ,i«/H, or vectorially, E = VvB, if v is the 
vector velocity of the shell. The angle 8 is that between u and 
R. The energy wasted by this shell equals the energy left 
behind, that is, U-U„ + T, if U„ is the initial, U the final 
electric energy in the field, and T the final magnetic field 
energy. On its first formation, H and E in the shell are 
different; they then include in accumulated form al! the H and 
E which are left behind by the shell as it expands. The applied 
force impulse follows from my formula for the force on the ether, 
viz. P = {djdt)V DB per unit volume. Denoting the time integral 
by M, then M = M X + M 2 , where M 2 belongs to the shell 
ultimately, and is lost, whilst M x is left behind in the field. We 
have T=and U - U 0 =JM 2 m ; so that altogether 


JM« = U - U 0 + T. 


(2) 


Both M x and M 2 are parallel to u. 

If, now, a second impulse acts, changing the velocity from u x 
tou 2 say, another spherical shell is generated. Disregarding the 
part’left behind, (i) above shows that the magnetic force in it is 

2 AH= Q U ^ sin 6 (3) 

4X r [j _ » 2 cos e J _ «1 cos 9 J 

V V 


when the direction does not change. More generally, substitute 
the vector change in the quantity bn the right side of (i) 
properly vectorised. Then the change in 8 will be allowed for 
as well. 

The energy lost in this second shell may be calculated by (3). 
It amounts to 


f ufi ~ u fit T .. “i w 2 \ _ p 1 n 

(4) 

( «2~Ml V V“ ) J 


where P is the potential function 


p- Q ( 1+ 1 u l+f + ... j 

(5) 

4rrAr\ 3 v 2 5 v* J 


investigated by Searle and Morton. Take u = o, zq and « 2 to 
obtain P 0 , P x , P 2 . It may be shown that the substitution of two 
impulsive changes in the same direction for a single one reduces 
the waste ; that is, the one impulse z< 2 wastes more energy than the 
two successive impulses zq and « 2 - u v In fact, the saving is great, 
and ten equal partial impulses in succession waste not much 
more than one-tenth part of that wasted by a single impulse of 
size equal to their sum. There is a residuum, however, and 
that is what appears as continuous waste when u varies 
continuously. 

When Ah is small 


2 ah=JL 

47 tR 


sin 0 A u 


( 6 ) 


and now the waste of energy in the shell wave corresponding 
to Am is 

»»Q 3 (Am) 2 (7) 

12 -jtA / T u- \ 8 

V E) 


The magnetic force in the above shells is uniform in the depth 
of the shell, when the impulse acts strictly at the front of a shell. 
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But if Au be distributed uniformly over the time 2A/z>, the 
shell will be doubled in depth, and H will rise at uniform rate 
from o to the same full value in the middle of the shell and 
then fall similarly to zero in the second half. Now if a second 
equal Au acts in the same way, beginning as soon as the first Au has 
made H reach full strength, H will continue of that full strength. 
And so on with a third Au. Finally, if 2 A = vAt , and Au/AI is 
steady, and allowing for the variable depth of the shell according 
to (11) below, we come to 

fiQ 2 / Au\- I 
6 irz> 


At. 


(=)’ 


( 8 ) 


to represent the waste in time At. 
waste 

6 m\dt ) 


#\3 
z, 2 ) 

Or, if W is the rate of 


( -£)• 


(9) 


This holds when the acceleration and the velocity are parallel. 
By the manner of construction, it is necessary that dujdt should 
not vary sensibly in the time taken by light to traverse the 
diameter 2A. 

By a fuller analysis, allowing for change of direction of motion, 
I find that the waste of energy per second from a charge Q with 
velocity u and acceleration a is 

M 2 • 

2 1 -a sin '®l 

w= nQ 2 a z 


6lTV 


At) 


(to) 


when 0, is the angle between the velocity and acceleration 
(absolute). The dimension A does not appear. W is the same 
for any size, subject to the restriction mentioned. The smaller 
A the better, of course. It is exactly true with A = o, only then 
the motion would be impossible. 

This calculation of the waste may be confirmed by following 
up my investigation of the electric and magnetic field by the 
method I gave in 1889 (“ Elec. Pa.,” vol. ii. p. 504). 

The waste is greatest when the velocity and acceleration are 
parallel, and least when perpendicular. There is another reserv¬ 
ation, viz. u must be less than v. If not, special treatment is 
required, after the manner I have already published. 

The meaning of waste is this. When Q moves through the 
distance udt, it casts off a spherical shell of depth 
vdt 

« : (") 

I-cos 8 

V 

and the energy of this shell when it has gone out to an infinite 
distance is W dt. 

When at a finite distance. It and H in this elementary shell 
are given by 

e = e 1 + e 3 , h = h 1 + h 2 , 

H 1 = Vu0 1 , H a = VvD,, 


( 12 ) 


Q 

47 tR 3 £T 


- - R 



(13) 


(14) 


i( r - W C0S V (, 1 ^i Goa0 

Here the part E,, H 1 belongs to the steady travelling state of 
steady u, whilst the other part E 2 ,H 2 is electromagnetic, and 
represents the waste. The angle between the acceleration a and 
R is <p\ The waste part has E 2 ,H 2 tangential, that is, 
perpendicular to R. H; is also tangential to the sphere, but 
Ej is radially directed from the point which Q would reach at 
the moment in question (belonging to the sphere R) if it were 
not accelerated at all. This means the steady travelling state 
(see “ El. Pa.,” vol. ii. p. 511, equation 29). There is another 
way of treating the question, viz. by the vector and scalar 
potentials. The vector potential of the impressed current Qu is 
not Qu/47tR, but (toe. cit.) 

Qti 

(i5) 


4 rrR^i - 


cos 8 
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This is referred to origin at the virtual position of the charge, 
not the actual. The actual is best for the steady state, the 
virtual to show the waves emitted. The factor (1 - u/v cos 6) ~ 1 
expresses the Doppler effect. Divide by nc to obtain the 
scalar potential 4 . Then 

H = curlA, E= -juA-Vt 

in Maxwell’s manner. The trouble here is the .differentiations, 
which require great care, since u, R and 6 all vary in a 
rather complicated way as Q moves. The relations (12) exhibit 
the field clearly. 

For an infinitely small sphere of Q, the energies in the 
shell at distance R corresponding to the displacement udt of Q 
are 

T = Tj-t- T 2 + 2T 12 , 

U — U 3 4 - U 2 4 - 2 U 32 , 

where 3 relates to the BjH, part and 3 to the other part, whilst 
]2 refers to the mutual energy. They are connected thus ; 

Q^vdt 
8ttR2? 


u 2 =t 2 , u 12 =t J2 , U j =T 1 


.p _ Q hidt ifijrP- „ r _ fiQ^a udt cos # 3 
1 _ I2rrR'A k 2 ’ 12 — I2irR *■* ’ 

U 1 . „ 

T _ MQWr, 1 “ 1 ? sra 


(16) 

(17) 


(18) 


12 TTV /C° 

where k 2 = i - u 2 /v 2 . 

The corresponding “ momenta,” or force-impulses, say 

M 2 = 2VD 2 B 2 , M 12 = 2VD 1 B 2 , M 21 = VD 2 B lt are 

given by 

Ml = 2 ^, M 2 =?I|?, M21 = 2 ly" (19) 

These are all parallel to u. But M 12 is not, though it is in the 
plane of u and a. Its components parallel to u and to a are 


2T„ 


and 


2T 15 


sin 2 #. 


cos Sj 


(20) 


With the previous restriction, these are independent of the 
size of the sphere of Q. But to obtain exact formulte without 
this restriction, either a very difficult integration must be effected 
over the surface of the sphere of Q, every element of which will 
usually have (effectively) a different velocity and acceleration, 
on account of the Doppler effect, or we may derive the resulting 
formula; by a differentiating operator. Thus, for example, 
exhibiting it for * only, let 4 > 0 be the formula when A = o, 
then the real $ is, by a previous investigation, 


outside the sphere, and 


shin ah 

4. = -— 4» 0 . 

qa u 


, shin qr , 

* —— —- tOA, 

qr 


(21) 

( 22 ) 


inside the sphere, where q is the differentiator djd(vt{j and 4 >oa 
is the common value of both 4 >’s at R = A.. But this t x is not 
the same as the previous t ; it is the corresponding value ; the 
place where the differentiations are performed is at the end of 
R. The differentiations are troublesome. Thirdly, we may 
calculate the time integral of <&„, and then apply Taylor’s 
theorem. Nearly all the trouble in the electronic theory is 
connected with the necessity of making A finite to have finite 
energy (though this does not apply to the waste) and finite 
moving forces, fwith the consequent resulting two superposed 
waves, one outward from the surface of Q, the other inward, 
and then outward again. The results for impulses work out 
easily enough, but not for continuous accelerations. 

Details of the above will be published in vol. iii. of “ Electro¬ 
magnetic Theory” (and perhaps elsewhere); which is, as the 
advertisement says, “in preparation.” 

Returning to the waste formula, an electron revolving in a 
circle of radius r has B x = |rr, and idir = a. So we want an 
applied force along u varying as ifi to maintain the motion, 
since the waste varies as id. This revolving electron has some¬ 
times been supposed to be a circular current. But it is really 
a vibrator. The free path followed under decay of energy 
without fresh supply would perhaps be difficult to follow 
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completely. It is rather hard for the “ explanation ” of 
magnetism. 

The kinetic energy of molecules is the natural source of the 
radiation, but the connection between them and the electrifica¬ 
tion is very obscure, and how the electrons get knocked off is 
harder still, and what they are is hardest of ail. L'lnnor thinks 
they run through the ether like knots on a string. If they do, 
as they may, how do they do it ? Connections are wanted. 

Oliver Heaviside. 


Leonid Meteors, 1902. A Forecast. 

The historical interest which attaches to the Leonid star 
showers naturally renders the near approach of mid-November 
a subject of paramount importance to meteor observers. Nor is 
expectation lessened on the present occasion by the moderate 
though somewhat unexpected brilliance of the Leonid display 
witnessed last year in America on the morning of November 15. 
The question must naturally occur to many, will there be a 
revival of the phenomenon in the November of 1902, and if so, 
will it make its appearance in a less or a more intensified 
form than in the previous year ? Generally speaking, the 
prospects of a star shower on the night of November 1 5 
this year are very good. An analysis made by the writer of 
the conditions under which last year’s shower appeared, and 
also of those connected with the more brilliant meteoric 
spectacles of the past, shows that the event of November 15, 
1901, is likely to be much surpassed by the meteoric phenomenon 
of 1902. The display falls due on the night of November 15 
on the present occasion, and not on that of November 14 as was 
the case last year and was duly predicted by the writer (Daily 
Chronicle , November 14), though the maximum occurred some¬ 
what later on that night than had been expected. The first 
phase of the shower will take place, however, at an hour not 
very well suited for its observation in western Europe, the time 
of its maximum being November I5d. loh. 45m. G.M.T., 
when the radiant will be not much more than just above the 
horizon. Meteors from a radiant in full activity as it emerges 
above the horizon afford an interesting spectacle, however, and 
though their numbers must in consequence be seriously 
diminished, they somewhat atone for their paucity by often long, 
and rapid flights across the heavens. This first appearance of 
the shower will of course be best observed in places situated at 
least a few hours to the east of Greenwich, though it ought not 
to escape observation in our less favoured localities. This early 
display promises to vie in brilliancy with that observed on the 
western slopes of the Pacific in 1901, if atmospheric conditions 
turn out favourable in those places best suited for its observation 
on the night of November 15, and in all places where the 
radiant will be above the horizon at the time of its maximum it 
ought to render shooting stars pretty abundant during the early 
hours of that night. 

The second maximum of the Leonid display has been calcu¬ 
lated to take place on November 15<d. i8h. 45m., and promises 
to be the richest display of the night, though the time of its 
highest brilliancy will scarcely enable observers to obtain the 
most satisfactory view of it on this side of the Atlantic, as the 
increasing twilight between six and seven o’clock in the morning 
must somewhat impede observation. Alongjthe eastern coast of 
America, on the other hand, the shower is likely to prove an 
attractive spectacle to observers, and its full strength can better 
and more accurately be subjected to calculation than with us, as 
its maximum will occur there at about two o’clock (local time) on 
the morning of November 16. Though that hour is rather early 
for its best observation, as the Leonid radiant is most favourably 
situated for purposes of meteoric observation in any place at 
about 4 o’clock in the morning (local time), yet on the present 
occasion at no other place can a better and more systematic 
watch be maintained for the anticipated star shower than along 
the Atlantic side of the American continent. Passengers on 
vessels crossing the Atlantic will no doubt find themselves 
specially favoured with opportunities for observing the pheno¬ 
menon, as has been the case in previous star showers, such as 
that of 1868. The calculations made with respect to this meteor 
display go to prove that it will decline rather rapidly after 
l8h. 45m. on the night of November 15, the maximum showing 
a tendency to occur rather before th n after the time indicated, 
and on this account shooting stars are very likely to appear in 
unusual numbers to European observers throughout the night in 
question. As has been already stated, the shower expected in 
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the present year gives considerable promise of surpassing in 
intensity that of 1901. Indeed, the calculated strength of the 
former is from ten to fifteen times that of the latter, but the 
presence of a full moon throughout the night of November 15 
has not been taken into account in the determination of the 
foregoing comparison, and this circumstance must detract con¬ 
siderably from the relative splendour of the meteoric epoch of 
the present year. The full moon will probably obliterate the 
close of this year's shower, the end of which has been timed to 
take place on November i6d. 2h. 30m., and is generally of too 
weak a character to require any special consideration. It may be 
added that the foregoing calculations have been based on the 
assumption that the maximum. of the Leonid shower of 1866 
occurred at ih. 15m. on the morning of November 14, G.M.T. 

John R. Henry. 

20 Rathmines Road,.Dublin, November 3. 


Curvature of Wheel Spokes in Photographs. 

Many people must have noticed the curious curved appear¬ 
ance presented in a photograph by the spokes of a moving 
vehicle. It is well known that the envelope of a diameter of a 
circle rolling along a straight line is a cycloid of half the dimen¬ 
sions of the cycloid traced by a point on the circumference. 
The part of the moving spoke which makes the strongest 
impression on the photographic plate will be where it intersects 
the consecutive position, so that the photograph really gives us 



a small piece of the envelope of each spoke. The effect may be 
compared to the ordinary caustics of reflection or refraction. 
The accompanying photograph shows, not only the curvature of 
the spokes, but also the cusps of the envelopes of the spokes the 
ends of which have touched the ground during the exposure. In 
the diagram, the envelopes for a circle with fourteen equidistant 
diameters are drawn, and the parts of the envelopes which have 



been put in strongly indicate the appearance that would be 
presented in a photograph, supposing that three spokes had 
touched the ground during the exposure. The spokes on the 
upper half of the moving wheel leave no impression on the 
plate, because their points of ultimate intersection fie outside 
the spokes themselves. R. M. Milne. 

Royal Military Academy, Woolwich, S.E. 

The Turkestan Earthquake of August 22. 

Information received in India leaves no room for doubt 
that the earthquake of August 22, which left such conspicuous 
traces on the seismographs of Europe, had its origin in Central 
Asia. The representative of the Indian Government at Kashgar 
reports that there was a severe earthquake there at 8 a.m. on 
August 22, which lasted one-and-half minutes. Repeated 
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